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INTRODUCTION

The High Plains aquifer underiies parts of Colorado, Kansas, Nebraska, New Mexico, Oklahoma, South
Dakota, Texas, and Wyoming. About 20 percent of the irrigated land in the United States is in the region underlain by the
High Plains aquifer, and nearly 30 percent of the ground water used for irrigation in the United States is pumped from
the High Plains aquifer (Weeks and others, 1988). The large volume of water withdrawn from the aquifer for irrigation
purposes since 1940 has had a substantial effect on water levels in the aquifer.

Water-level changes in the High Plains aquifer, however, have not been umiform. Large regional differences in
rates of ground-water recharge and withdrawals for irrigation as a result of regional variability in climate, soil, land use,
and historical development of irrigated agriculture have substantially affected the geographical patterns of water-level
change in the High Plains aquifer.

The High Plains Regional Aquifer-System Analysis, completed by the U.S. Geological Survey (USGS) in the
mid-1980's, indicated that substantial water-level declines had occurred in large parts of the High Plains aquifer
(Gutentag and others, 1984). Congress recognized that accurate information on the conditions and water-level changes
in the High Plains aquifer is necessary to make sound management decisions concerning the use of water, to project
future economic conditions, and to conduct hydrologic research pertaining to the High Plains aquifer. Congress passed
the Water Resources Research Act of 1984 (Public Law 98-242), which mandated and funded a program for the USGS
to monitor water-level changes in the aquifer annually, starting in 1988. The Federal Reports Elimination and Sunset Act
of 1995 (Public Law 104-66) and the Omnibus Water Resources Development Act of 1986 (Public Law 98-662)
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Water-level rises were also observed in portions of the High Plains aquifer in 1980. The largest area of water-
level rise was an area about 130 miles long and 6 to 20 miles wide, south of the Platte River in the central portion of the
northern High Plains aquifer (fig. 2). In this area, water levels rose more than 10 feet because of seepage losses from
surface-water diversions for irrigation and power generation.

WATER-LEVEL CHANGE, 1980 to 1995

Water-level change in the High Plains aquifer from 1980 to 1995 (fig. 3, sheet 2) is based on measurements from
5,901 wells (table 3) and reflects a slightly different pattern of change in comparison to the pattern of change observed
from predevelopment to 1980 (fig. 2). Substantial declines have continued in the western portion of the central High
Plains aquifer, the northern portion of the southern High Plains aquifer, and the southwestern portion of the northern
High Plains aquifer. Some areas that had substantial water-level declines from predevelopment to 1980 in the southern
and northern High Plains aquifer, however, had considerably slower rates of decline, or rising water levels, since 1980.

The average area-weighted water level in the High Plains aquifer declined 2.4 feet from 1980 to 1995 compared
t0 9.9 feet from predevelopment to 1980 (table 5). Considering 1940 as the time of initial irrigation development, the rate
of water-level decline decreased from nearly 0.25 foot per year from 1940 to 1980 to 0.16 foot per year from 1980 to
1995. Much of the reduction in the rate of water-level decline since 1980 can be attributed to an average area-weighted
water-level rise of 1.8 feet, or 0.12 foot per year, in Nebraska.
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The characteristics of the High Plains aquifer in 1980 are summarized by State in table 2. The ranking of the
States in 1980 from greatest to least percentage of aquifer area are: Nebraska, Texas, Kansas, Colorado, New Mexico,
Wyoming, Oklahoma, and South Dakota. The ranking of States in 1980 from greatest to least percentage of aquifer
volume is: Nebraska, Texas, Kansas, Colorado, Oklahoma, Wyoming, South Dakota, and New Mexico.

Table 2. Characteristics of the High Plamns aquifer in 1980
[Modified from Gutentag and others, 1984]

Unit of New South

from storage and the water table declines. Part of this loss from storage may be alleviated by decreases in natural
discharge or by increases in induced recharge from streams.

Nearly 95 percent of the ground water withdrawn from the High Plains aquifer in 1990, more than 15.7 million
acre-feet, was for irrigated agriculture, and about 84 percent of these withdrawals were in Kansas, Nebraska, and Texas
(table 4). Ground-water withdrawals from the High Plains aquifer for irrigation decreased more than 12 percent from
1980 to 1990, and withdrawals for livestock and irrigation decreased about 3 percent from 1985 to 1990 (Thelin and
Heimes, 1987; Carr and others, 1990; Marilee Horn, U.S. Geological Survey, written commun., 1996).

were in the northern High Plains region, mainly in

Nebraska, where recharge is generally larger and

CIR is smaller than in the central and southern High Plains region (Thelin and Heimes, 1987; McGrath and
Dugan, 1993; Dugan and Zelt, in press).

3. Significant advances to improve the efficiency of irrigation systems have substantially reduced the ground-water
pumpage needed to meet CIR. These include the surge-application systems used with furrow irrigation and low-
pressure nozzles on drop tubes used with center pivot irrigation.

The average area-weighted water level in the High Plains aquifer declined 0.66 foot from 1994 to 1995 after a
0.56-foot rise from 1993 to 1994 and a 0.21-foot rise from 1992 to 1993 (table 7). The water-level decline from 1994 to
1995 may be partially attributed to increased ground-water withdrawals for irrigation in 1994 because precipitation in the
High Plains region averaged 1.30 inches less than normal in 1994 while precipitation was an average of 4.24 inches
greater than normal in 1993 and 2.03 inches greater than normal in 1992 (table 7).

The area-weighted average water level declined in the High Plains aquifer from 1994 to 1995 and area-weighted
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South Dakota 38 53 High Plains region except Texas; in Texas, the Texas Water Development 1980 NA T NA NA 17,980 " NA Wyoming -0.78 Oklahoma Paphandle, and the areas with water-level TEES, T C?Stem Nebraska, Nebraska Natural Resources Commission, 1994. Estimated water use in Nebraska 1990: Lincoln, Nebraska, Nebraska Natural Resources Commissior,
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Water-level measurements are usually made in late winter and early spring when water levels generally represent
nonpumping conditions. These measurements normally represent the highest water level during the year. Most
observation wells are privately owned irrigation wells. The large diameter and high pumping capacity of these wells make

This requirement, which is unique for each crop, is dependent largely on (1) potential evapotranspiration, (2) the growth
characteristics of the crop, (3) soil water available at the beginning of the irrigation season, and (4) irrigation-season
precipitation. The average annual CIR for corn, the principal irrigated crop in the High Plains region, is 18.5 inches in
the southern and central High Plains region and 13 inches in the northern High Plains region (McGrath and Dugan,

in the High Plains region and comparison to 30-year
normal (1961-90) precipitation

[Data from National Oceanic and Atmospheric Administration,
National Climatic Data Center, Asheville, North Carolina]

Average area-weighted water-level rises in the High
Plains aquifer from 1994 to 1995 by State ranged from (.10
foot in South Dakota to 0.17 foot in Nebraska (table 8).
Water-level rises of 1 to 3 feet were common in the central

Solley, W.B., Pierce, R.R, and Periman, H.A., 1993, Estimated use of water in the United States in 1990: U.S. Geological Survey Circular 1081, 76 p.

Sorenson, E.E, 1982, Water use by categories in New Mexico counties and river basins and irrigated acreage in 1980: New Mexico State Engineer
Technical Report 44. 51 p.
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them particularly well suited for monitoring water-level changes because they are less prone to plugging than wells of 1993; Dugan and Zelt, in press). This range was estimated using 1951 to 1980 precipitation, temperature, and solar - — - - and eastern portion of the northern High Plains aquifer from A:‘::ge ’";"Wf_‘tﬁ"‘“’ Steele, EK., Jr., 1988, Estimated use of water in Nebraska, 1985: University of Nebraska-Lincoln, Institute of Agriculture and Natural Resources,
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